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Subject: Analvsis of mine-drop signatures for rise-time,

amplitude, and frequency characteristics§ resuits of

Reference (a) makes the point that informaticn as tc the
character of mine-drop signatures is needed in ordezr to deslign
functiocnal passive mine-waiching systems., The purpose of thilsg
memorandun 1s to indicate results cobtalned from an analysis of
magnetic tape recordings of two types of air-dropped mines, the
Mk 236 (from variable angle launcher) and the Mk 39 (high-altitude,
air-dropped), taken at Morris Dam {sce Ref. b), and during Op-
eration MUD, respectively.

I{ was previously reported that en alr-dropped Mk-39 mine
. gives a distinct double-pcaked signal, wnile an alr-dropped Mk 36
yields conly one peak, thoss signals being the mine-drop signatures
and pot their reflections. This description 1s accurate only for
St unfiltered signal., Upon fillering, one discovers that in the
100-200 cps frequency range boih mine drops have a double peak,
There is a difference, however, in the tim: separution between
peaks for the two models. The peaks in the Mk-3% signature ave

a3

oaly Uel secend (average figure) apart, an interval approximately
i $

cne~third as long as the peak separation Time for 2 Mk 39%. Th
varlance ir filtered signaiz may possibly explizin the differoence

found in the audibls resciuvtiion of the twe mines. Fuartherwmore,
this double-=peak behavior

froeguency range, wit




height and separatiocn resolution arocund this 100~200 cps range.

It has been found that th: unfiltered sigualures of Mk-36 mines
reach their peak amplitude of about 132 db re .0002 dynes/cm2 in

a time of about 20 millisec, This is by no means 2 monotonlc rise,
but one punctuated by sharp fluctuations, as illustrated in the
photographs of Figure 1, The decible notaticn refers to db

above the voltage produced by a pressure of .0002 dyr.es/cm2 at

the hydrephone. No quantitative information is availieble conceralng

the peak amplitude of Mk-39 mines; however, the time necessary to
rise to this untiltered peak amplitude has been measured as about
80 millisec,

In the case of the 100-200 cps filter range, the first peak
of the Mk-36 mine rises to about 123 db in 15 millisec with %he
second peak rising to about 120 db in nearly 25 millisec., On th2
other hand, the characteristically longer-iived Mk-39 model riscs
Lo i1ts first peak in :bout 140 mill?! ec, while its second peak

rlses to a slightly higher level in about the same time.

The method of rise«time and filter band measurement was

essentially photographic. Photographs were made "ising a Fairchiid-

Polarcid Land camera to photograph the oscilllosconoe face of a
Tektronix Type 512 oscilloscope. In cases where . Sering was
done, the filter used was a Spencer=Kennedy variable electronic
filter, Model 302. Mine drop sigrals were played from tapes over
a Magnecorder PT 6 J whose [reguency reuponse had an estimaisd

-

useful range of 15 to 20,000 cps. The osciiloscope was LTigzaered
E. i
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by means of a metzllic foil placed on the tape, effectively
closing a switch which completed the trigger circuite (See

Figure 2.) Then a calibration voltage, generated by the oscille-
scope, was photographed on each exposure with the mine drep. This
calibration voltage gives in each case a standard for easy com=
parison of the mine-drcop pictures. Standard frequencies were

also photographed on some of the plctures to establish the sweep
rate of the scope.

At the time of mine~drop recording, calibration tones of a
specified power level were also placed on the tape., Photographs
were made of these standard calibration signals using the same
electronic arrangement as in the photographing of the mine dropse.
This method enabled us to establish a decibel scale on the photo-
graphs. The method of rise-time measur.ment was then essentiaily
graphic, utilizing the decibel scale established by the calibration
tones and the known time scale of the scope sweep.

During the testing for a suitable filtering range, an attempt
was made to enhance the signal-to-noise raztio and to produce =
more characteristic siguature by means ¢f R«C “differentiztion®
and "integration,” Neither of these techniques (with or withont
ce2tification) sessmed tc improve results. In many cases the S/N

Pl - malz puorer by use of elther Integration or differentlation,

(2]

The iumedizte need arises, however, to know the characteristics

f1y

V]

vackeround noise present in a given harber, since the per-

I~y

crmance desired from =2 passive listening network is recogznition




as vell as location of mine drops., The report on Boston Harbor,
Ref (¢, would indicate that a maximum of harbor btackground noise,
incluvding ship noise, occurs in the 100 cps reglon.

An informal study (unpublished) was undertaken by this
laboratory of a tape recording of hydrophonec noise picked up in
New London Harbor. A4 similar peusking, arcund 400 cps, 1s in-
dicated, Thus we find, not-vuexpe:ztedly, tizt The naximum sound
energy of harbor background noise tends to be in the low frequencies.

This situation is not as vad as it night appear, since &
simiiar analysis shows Tha’, mine-Crop noisc cnergy also seews to
be maximum in the lowv energy region. Indeed, a signal-to=-nolse
ratio study or Project MUD drops (vhere vresumably therc would be
a background of ihe expected nature, but admittedly not of harbor

intonsity) indieate that the maximum S/N value is in this very

100-200 cps range (Graph I). This relatiovnship, end the determination

of a characteristic mine~drop signature, would be hoperful circum-

stances for further study cf the locatlion-recognition nrobleiw.

Tne possivility that the double~peak nature is unlgue to drogps
(as rpposed to explosions, macnine gun {irs, etc.) remains to be

demonstrated conclusively, In full scale experimentc,

this peaking or periodicily could concelvably represent either
oscillations of the cavity, the size oi which is unknovn in full

scale experiments., or shock-excited oscillations of the mine case

e

These possibiiities seem to indicate that further model

studies Jtes discussed in Ref (d)
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seem to indicate that puises subsequent tc the first result from
nine oscillations being transmitted to the water upon mine cavity
contact., If this 1s the case, clearly the frequency spectra of
the second pulse for various mine types showld show some relatlon-
ship to a study of t'ie natural frequencies of mines. Undervater
explosions, as indicated bty R. H. Cole, Ref (e), indicate that
multiple pulses due to cavity oscillations can occur, Since all
of these shots (Cole’s) were large, deep~water explosions, however,
it 1s clear thatv the-cavity should be lmportant in tie determination
of their signals, but not decisive in determining the character
of swall ( << 10 1b), shallow explosions, which would approximate
a mine-drop and might fsasibly be scattered from a plane to mask
laying operations. A study made by Project MICHAEL, Ref (f), on
explosive noise transmission is net conclusive in this case either,
since their transmission distances are such as to make dispersion
phencuena possible. If the second pulse is due to caviiy
cscillation; ulicn presumably there will be scme correlation be-
twean the nature of the secona peak and the nature ¢f the first
for the various types of mine drops.

Our studles tend tc fevor the mine vibration hypothesis,
since we gel distinctly dirferent characteristics for the second

peaks in the Uwo droup types (examples in Grarh TII). The situation

pete

s far from definite, however, since the two types of mines

ossess distinctly different laying cnergies,

vr\

the Mk 36 being
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parachute dropped.
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The data obtained by the tests described would appear to he
in distinct conflict with that indicated in H.M.U.D,E. (Great
Britain) report, Ref (g), where a double pulse is obiained for
low energy drops (300° dropping height) and only a singls peak
for higher drops (1006’ and 15007). We have consistently received
a double peak fron the“Mk 39 (hiéh energy). Furthermors. the
double~-pulsed character of our drops has somewhat diéappeared av
the frequency ranges used by H.M.U.D.E. (3.5 -~ 15.%5 XCS). The
possibllity exists that their low energy, double pulses are a
rasvult of the low entry angile (300) and subsecuent motion of the
mine in the cavity. Except for this explanation it is difficult
to reconcile this discrepancy.

Certainly the need for further data and analysis is eclear,
The 1lmportance of determining a signature characteristic for the
entry of a mine into the water can hardly be sufficiently em-
phasized. At present it would appear that, beth from the aspects
of maximum S/N value and of characteristic sigra®:rs, the low=
frequency range 100~200 cps cdeserves close attentinn. It was in
view of the impocrtance of these facts and the apparent non-
universality of this opinion that this memo was prepared.

In order to discover the exaet aature of mine signature sound
pulses, the following studies should bpe initiated:

a) An znalysis of the spectra of mine drop signatures to

determine if the

—

sulsesare a function of mine vibration

+

cr laying energy, and noting the cross-correlation of

tniese tvo factors.
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b) Vibration studies of the mines themselves, for freguency
and excitaticn energy.

¢) An aralysis of small (about 10 1lbs) shallow vwater ex-
plosion signatures.

d) Rise~times aund peak amplitude values for Mk 39 and Mk 25
mines, i.c., accumnlation of information similar to that
present in the second paragropii of this memorandunm.-

Problems 9(a) and 2(d) are currently under study at Yale

University, by sclentists under Coniract Nonr-609{02)}. To this
end, work has begun on the design and coanstzuction cf a hydrorhone
array and monitoring system vu we establisheda at Beavertail
Léboratory, Jamestown, Rhode Island, in the summer of 1953. When
this installation is completed, it will then be possible to

complzte studies (2) and (&),

Je. We Corbett

R, B, Lanom
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Ratio of
First Peak Amplitude
to
Second Peak Amplitude
versus
Frequency
-~ Mark #36 and #39 mines
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